We have observed the metal-rich globular clusters NGC 6624 and NGC 6637 (M69) using the planetary camera of the WFPC2 on the Hubble Space Telescope (HST). Observations of the Ca II triplet lines in giant stars in these clusters show that NGC 6624 and NGC 6637 have metallicities on the Zinn and West scale of [Fe/H] = −0.63 ± 0.09 and −0.65 ± 0.09, only slightly more metal rich than 47 Tuc [Fe/H] = −0.71 ± 0.07. For clusters of identical (or nearly so) metallicity, one can make a direct comparison of the color-magnitude diagrams to derive the relative ages of the clusters. From the color-magnitude diagrams derived from the HST photometry, we find that NGC 6624 and NGC 6637 differ in age by less < 0.5 Gyr. Their color-magnitude diagrams are also compared with those of 47 Tuc and NGC 6352, and while these latter diagrams are of somewhat lower quality, they are consistent with all of these clusters having the same ages. Adopting an apparent distance modulus of 13.40 and reddening E(B − V )= 0.04 for 47 Tuc, the new Yale isochrones yield an age for the clusters of 14 Gyr. -2 -The positions of NGC 6624 and NGC 6637 in the Galaxy suggest that they belong to the bulge population of globular clusters. The only other bulge clusters that have been dated so far are the more metal-rich clusters NGC 6528 and NGC 6553, which also appear to be very old. Consequently, the age-metallicity relation of the bulge may be very steep. The close similarity of the ages and metallicities of NGC 6624 and NGC 6637 to the thick-disk globular clusters 47 Tuc and NGC 6352 indicates that the age-metallicity relations of these populations intersect. We briefly discuss the possibility that these populations had a common origin.
The positions of NGC 6624 and NGC 6637 in the Galaxy suggest that they belong to the bulge population of globular clusters. The only other bulge clusters that have been dated so far are the more metal-rich clusters NGC 6528 and NGC 6553, which also appear to be very old. Consequently, the age-metallicity relation of the bulge may be very steep. The close similarity of the ages and metallicities of NGC 6624 and NGC 6637 to the thick-disk globular clusters 47 Tuc and NGC 6352 indicates that the age-metallicity relations of these populations intersect. We briefly discuss the possibility that these populations had a common origin.
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Introduction
Knowledge of the ages of the globular clusters in the Milky Way (MW) is essential for investigating two important astrophysical problems: the age of the universe and the chronologies of the MW's stellar populations to which they belong. The very metal-poor clusters are suspected to be the oldest and are therefore the primary targets for setting via their ages a lower limit on the age of the universe. A comparison of these metal-poor clusters with more metal-rich ones can in principle yield a chronology of the formation of the Milky Way. Unfortunately, the determination of the ages of globular clusters of widely different metal abundances is fraught with a number of technical difficulties, most importantly the uncertainties in the distance scale and the ratios of the abundances of the elements. Firm conclusions are consequently hard to draw, and it is not known, for example, if an age-metallicity relation exists (Sarajedini et al. 1997 , Buonanno et al. 1998 , Rosenberg et al. 1999 ).
These difficulties are minimized if clusters of nearly the same metal abundance are compared. While this limits the number of issues that can be addressed, these relative ages are nonetheless invaluable for understanding the early evolution of the MW. For example, comparisons of this kind have shown that the Galactic halo contains about a half-dozen globular clusters that are several Gyr younger than others of the same composition, which indicates that halo was built up over an extended period of time (Bolte 1989; Green & Norris 1990; Vandenberg, Bolte, & Stetson 1990; Lee, Demarque, & Zinn 1994; Zinn 1996; Stetson et al. 1999; Sarajedini et al. 1997; Buonanno et al. 1998; Rosenberg et al. 1999) . In this paper, we compare the ages of two metal-rich ([Fe/H] ∼ −0.6) clusters, NGC 6624 and NGC 6637 (M69), with each other and with other clusters of similar metallicity, and consider the implications.
The globular cluster system of the Milky Way can be divided by spatial distribution, kinematics, and metallicity distribution into three subsystems: halo, disk, and bulge. These appear to be closely similar in properties to the halo, thick disk, and bulge stellar populations (see Zinn 1996 and Ashman & Zepf 1998 for reviews) . The ages of the clusters are consequently thought to be representative of these stellar populations. Obviously, the implications of a cluster's age depend on its membership in one of these groups, which is not always easy to determine. While is was once thought that a division at [Fe/H] = −0.8 yielded nearly pure samples of metal-poor halo and metal-rich disk clusters (e.g., Zinn 1985) , this is clearly an oversimplification. Measurements of the proper motions of globular clusters have shown that several metal-poor ones have disk-like orbits (Dinescu, Girard, & van Altena 1999) , which is consistent with the existence of metal-poor stars belonging to the thick-disk stellar population. Also, there are a few halo clusters as metal-rich as [Fe/H]= −0.8 (NGC 6366, possibly Pal 12, and more probably Terzan 7, which is not rightly considered a halo cluster until the Sgr dSph has completely dissolved into the halo). Near the galactic center, where all populations converge, it is more difficult to identify separate globular cluster populations. Minniti (1995) showed that there is an excess of metal-rich clusters over what is expected from inward extrapolations of the densities of the halo and disk populations of globular clusters. Since the mean metallicity and the kinematics of these clusters are similar to the red giants in bulge fields, he suggested that they constitute a separate cluster population (see also Zinn 1996 and Côté 1999 ).
The clusters under study here, NGC 6624 and NGC 6637, lie in the region of overlap between the halo, disk, and bulge stellar populations. Their Galactic coordinates (longitude, latitude) (2.8 • , −7.9 • ) and (1.7 • , −10.3 • ), respectively, place them almost along the minor axis of the Galactic bulge. Zinn & West (1984) reported metallicities of −0.35 ± 0.15 and −0.59 ± 0.19 for NGC 6624 and NGC 6637 respectively. Their value of [Fe/H] for NGC 6637 is a weighted average of the metallicity inferred from optical and infrared photometry of stars on the red giant branch, and from the integrated light index Q 39 . The metallicity for NGC 6624 reported by Zinn & West was based solely on its Q 39 index. The metal abundances and the very red horizontal branches are for NGC 6624 and NGC 6637 are typical of the stellar populations in bulge fields at similar latitudes along the minor axis (Terndrup 1988; Minniti et al. 1995; Ibata & Gilmore 1995) , but also of disk globular clusters. Since the proper motions of these clusters have not been measured, the properties of their orbits about the galactic center are unknown. They have low radial velocities, which is consistent with, although not proof, that their orbits are confined near the galactic center. Previous estimates of the distances of NGC 6624 and NGC 6637 place them about 1.3 and 2.1 kpc from the Galactic center and about 1.2 and 1.8 kpc from the from the Galactic plane, respectively. This suggests that their orbits make substantial angles with the Galactic plane, which is characteristic of both bulge and halo objects. Because very few halo clusters are as metal-rich as NGC 6624 and NGC 6637, it is more likely that they are members of the bulge population of globular clusters identified by Minniti (1995) .
If the assignment of NGC 6624 and NGC 6637 to the bulge is correct, then their relative ages provide provide an indication of the age range within the bulge at their metallicity. The ages of two other bulge globular clusters, NGC 6528 and NGC 6553, have been measured previously from main-sequence photometry with the Hubble Space Telescope (HST)(e.g., Ortolani et al. 1999) . Because these clusters are significantly more metal rich, the determination of their ages relative to NGC 6624 and NGC 6637 are afflicted with the uncertainties previously mentioned. Nonetheless, we make these comparisons because they provide the first information on the age-metallicity relationship in the bulge. Additional precise estimates of relative age are possible between NGC 6624 and NGC 6637, and 47 Tuc, M71 (NGC 6838), and NGC 6352. These last three globular clusters are members of the disk subsystem, and this comparison provides the first information on the relative ages of the bulge and disk, which is crucial to understanding if there is relationship between them. If it is shown later that NGC 6624 and NGC 6637 are not bulge objects but members of the disk population of clusters, then this comparison with other disk clusters that lie several more kiloparsecs from the galactic center will constrain the age spread within the disk population.
In this paper we discuss our observations of NGC 6624 and NGC 6637 and their reductions (sections 2 and 3), and the derived color-magnitude diagrams (section 4). The cluster properties such as metallicities, reddenings, and distance moduli of the clusters are discussed in section 5, and the ages of these clusters are compared with other metal-rich globular clusters in section 6.
Observations
Both NGC 6624 and NGC 6637 were observed with the WFPC2 camera on the HST during observing cycle 4. For each cluster, two fields with approximately 10% spatial overlap were observed through the F555W and F814W filters. The log of observations is given in Table 1 . The exposure times for each cluster were estimated to provide photometry with a precision of approximately 0.01 mag at the cluster turnoff. Only frames from the PC sensor of the WFPC2 were used in the program described here. Frames from the three wide field sensors are too crowded and their point-spread functions (PSFs) too undersampled to provide photometry of sufficient precision for our comparisons. Figures 1 and 2 show the fields observed for NGC 6624 and NGC 6637, respectively. For each pointing within a cluster, a series of three short and four long exposures were taken at the same telescope pointing. These data were taken before it became common practice to use subpixel dithering in WFPC2 observations to improve the sampling of the stellar images. In the case of NGC 6637, the long exposures of the second field (closest to the cluster center) were taken at two different pointings, offset by some 20 pixels, to provide some dithering of the stars on the CCD. The images at each pointing for the short and long exposures were combined in IRAF to produce a final single short or long exposure at that position for each filter.
To supplement the HST observations, especially for the bright stars that were saturated in the PC frames, both clusters were observed during two separate observing runs at the Canada-FranceHawaii Telescope (CFHT) using the CFHT/DAO high-resolution camera (HRCam, McClure et al. 1989 ) and an SAIC CCD. On each night the target cluster was observed through standard Johnson V and Kron-Cousins I filters. For each filter a series of sequential 100 s exposures was taken. These images were averaged and assigned the mean airmass of the sequence. The log of observations from the CFHT observing runs is presented in Table 2 . The M92 video camera standard field (Christian et al. 1985) was observed during both runs to derive the photometric calibration.
Photometry
Both the WFPC2 PC frames and those from HRCam exhibit a spatial variation of the PSF over the image. The final processed images for each cluster were analyzed using an updated version of the SPS photometry program (Janes & Heasley 1993 ) that allows for the spatial variation of the PSF. The present version of the program generates a PSF consisting of a Gaussian function and a look-up table that is itself a set of quadratically variable functions across the image.
The long-exposure images of the fields "P61" and "P71" contained substantial numbers of unsaturated, moderately bright, and well-separated stars suitable for generating the PSF for the images. Approximately 400 stars across each image were used to generate the PSFs for each filter. The SPS procedure for generating the PSF includes a scale factor to yield magnitudes with a zero point tied to aperture photometry of a specific radius. In this case, the reference radius was set to 11 pixels, or 0. 5), the value used by Holtzman et al. (1995) . The SPS star-finding procedure was used to locate stars on each frame, which were then fit to the PSF to derive positions and magnitudes. Candidate stars that could not be fit properly (mostly because they were cosmic rays) were subsequently eliminated from the star list.
For both clusters we have data sets that consist of partially overlapping fields. In the case of NGC 6637, fields P72a and P72b are offset by some 20 pixels in each coordinate, and field P71 is offset by 690 pixels in the x-direction and 29 pixels in the y-direction from P72a. Fields P61 and P62 in NGC 6624 are offset by 432 pixels in the x-direction and 440 pixels in the y-direction. For each cluster, the stellar positions determined by SPS were shifted to a single coordinate system, using a pattern-matching program to calculate the appropriate shifts in position, orientation, and scale. Once the photometry was transformed to a common coordinate system, the individual stars were matched and photometric transformations were made using the coefficients given in Holtzman et al. (1995) . The final photometry should be reliably on the Holtzman et al. system.
For the ground-based data, observations of the M92 standard field were used to derive the photometric calibrations of the nightly extinction and camera color terms following the procedures of Harris, FitzGerald, & Reed (1981) . For each CFHT observing run for each filter we determined the nightly zero-point and extinction terms while solving for the color and color-squared terms as fixed coefficients over duration of the run. The rms residuals of the fits to the standard stars were < 0.01 ± 0.02 mag in both filters for both observing runs. The transformation coefficients were then used to transformed the observations of NGC 6624 and NGC 6637 to the standard VI system.
The Color-Magnitude Diagram
The color-magnitude diagram (CMD) for all stars measured in NGC 6637 from the HST observations are shown in Figure 3a . The photometry for stars brighter than magnitude 18 is based entirely on the short exposure images (see Table 1 ), and the photometry for the fainter stars is based only on the long exposure images. The photometry for the fainter stars is noticeably degraded on the short exposures, and the brighter stars are saturated or nearly so on the longer exposures. The magnitude 18 limit was chosen to balance between the two problems. A well-defined main sequence reaching to at least V = 26 can be seen in the CMD, along with the lower giant branch and a red horizontal branch. Above magnitude V = 15, stars are saturated even on the short exposures.
There is a significant correlation of the location of stars relative to the mean cluster sequences in the CMD and their location in the images. At small values of x and y, the main sequence is broad, with many of the stars displaced fainter and to the red. This corner of the field is close to the cluster center, and even in the HST images the star images are noticeably crowded, with considerable scattered light from many bright stars. There may also be some variable reddening. To get the best presentation of all the cluster sequences in the CMD, stars with x-and y-coordinate positions less than 400 pixels from the origin of the PC frames have been excluded. The CMD of stars in the overlap between fields P71 and P72 is shown in Figure 3b . This CMD contains 255 stars, the cluster sequence is very well defined.
The CMD for NGC 6624 was derived in a similar manner. In comparing the stars in the overlap region for the two fields in this cluster we found zero-point shifts of 0.038 ± 0.008 mag in V and 0.016 ± 0.008 mag in I. We suspect the extreme image crowding in the second field, the undersampled PSF, and the fact that these observations were made before dithering became a common observing practice all contribute to the offset in the V magnitudes between the two fields. The instrumental magnitudes for the P62 field where shifted in zero point to coincide with those for the less crowded P61 field. In combining the final photometry we found that in the long-exposure images, stars only slightly brighter than the cluster turnoff were saturated, so we deleted from consideration all stars brighter than magnitude 19. In the short exposures, poisson noise becomes significant for the fainter stars, and this same cut was applied for them as well. The improved quality of this CMD may arise in part because by combining data from the two pointings we have dithered the stellar images on the PC sensor and in part because we are sampling a small region of the cluster over which the reddening may be fairly uniform.
The CMD for both fields of NGC 6624 is presented in Figure 4a . In this figure we have deleted from the long exposures stars that have x-positions < 250, and a y-position < 450, i.e., stars closest to the center of the cluster, where crowding and sky background appear to be too high for precision photometry. The CMD for NGC 6624 may exhibit more spread around the cluster sequences than in the case of NGC 6637 because NGC 6624 has a larger reddening and small variations of the reddening over the observed field would smear the cluster sequences in color. The CMD for overlap of fields P61 and P62 is shown in Figure 4b . This CMD, which contains 118 stars, is "tighter" than that for the full data sample, probably for the same reasons we see similar improvement in the case of NGC 6637 overlap region.
To produce a composite CMD for each cluster that includes stars brighter than V ∼ 15, we have combined the HST observations with those from the CFHT. These are shown in Figures 5a and 5b. Unfortunately, we find that there is an offset in both magnitude and color between the HST observations and the ground-based ones. The offset was ∼ 0.07 mag and was only present in the V data. A number of factors could contribute to a difference of this amount, including uncertainties in the extinction, crowding in the images even with HRCam, and possible zero-point problems within the HRCam itself. At the CFHT the M92 standard stars were observed (for the most part) at low airmass while our target clusters are observed at at higher airmass (> 1.56 for NGC 6624 and > 1.63 for NGC 6637). While our standard fields were observed over a sufficient range of air mass to determine the extinction, the stars in the M92 standard field do not exhibit a sufficient range in color to allow us to determine a color-dependent extinction term as well. For clusters like NGC 6624 and NGC 6637, which are both metal-rich and heavily reddened, this might be sufficient in itself to explain the differences with the HST photometry.
Since the published uncertainties of the Holtzman et al. (1995) calibration are on the order of 0.02 mag, we have chosen to adopt the HST observations as the local reference within the CMD, and have shifted the CFHT observations so that the giant branches join smoothly at the level of the horizontal branch. Because we have tied the two sets of photometry together in this fashion, these figures are presented only to show the overall structure of the CMD. We do not use the data for the uppper giant branch in our subsequent analysis.
Cluster Properties

Metallicities
NGC 6624 and NGC 6637 were selected for HST observations because of their proximity to the Galactic bulge and their high metallicities. Zinn & West (1984) list [Fe/H] values of −0.35 and −0.59, respectively, for these clusters. To refine the metallicities of these clusters, one of us (GSD) obtained spectra of the Ca II infrared triplet in 4 members of NGC 6624 and 7 members of NGC 6637 using the Anglo-Australian Telescope in 1994 May. The observational setup and analysis of the Ca II triplet spectra were as described by DaCosta & Armandroff (1995) . The photometry of Sarajedini & Norris (1994) was adopted for both clusters. For NGC 6637, Ferraro et al. (1994) report V magnitudes that are systematically 0.15 mag brighter than those of Sarajedini & Norris, although the values of V − V HB , the quantity that enters into the metallicity analysis, are in excellent agreement.
In Figure 6 
Reddening and Distance Moduli
The location of the giant and horizontal branches in the CMD are known to be sensitive to a cluster's apparent distance modulus and its foreground reddening. Sarajedini (1994) described a technique by which a cluster's metal abundance ([Fe/H]) and reddening could be simultaneously derived from the shape of the red giant branch (RGB), the V magnitude of the horizontal branch (HB), and the apparent V − I color of the RGB at the level of the HB. Given that NGC 6624, NGC 6637, and 47 Tuc are almost identical in metallicity, we can use the locations of the RGB and HB in the various CMDs to derive the apparent distance moduli and reddening of the former two clusters with respect to 47 Tuc directly.
To define the location of the RGB and HB of 47 Tuc in the V vs. V − I CMD, we adopted the photometry from Table II of Armandroff (1988) and Table I of DaCosta & Armandroff (1990) . These data along with the RGB locus, in (V − I) 0 and M I , from Table X of DaCosta & Armandroff (1990) , adjusted to (m − M ) V = 13.51 and E(V − I)= 0.05 are shown in Figure 7 . We have extended the DaCosta & Armandroff (1990) RGB locus ∼ 1.86 mag fainter than their tablulated values by eye using the Armandroff (1988) data. Kaluzny et al. (1998) have reported independent V I CCD photometry of 47 Tuc and claim good agreement with the photometry of Armandroff (1988) and DaCosta & Armandroff (1990) . The data for their fields 10 and 19 are shown in Figure 8 along with the RGB locus from DaCosta & Armandroff (1990) . The agreement between these data and the earlier observations is reasonable but not perfect. In particular, in the CMD from the Kaluzny et al. (1998) observations, for stars brighter than the HB, the observed points on the RGB appears to fall below the RGB locus of DaCosta & Armandroff (1990) . Further, the RGB from Kaluzny et al.'s data has a larger spread in color than that derived from the Armandroff (1988) and DaCosta & Armandroff (1990) data.
Using the RGB and HB shown in Figure 7 as our fiducial, we can shift the CMDs for NGC 6624 and NGC 6637 to align a cluster's RGB and HB with those for 47 Tuc. The horizontal and vertical shifts needed to match these features in the CMD give us the difference in reddening E(V − I) and apparent visual distance modulus between the particular cluster and 47 Tuc. For NGC 6624, we find ∆V = 2.00 and ∆(V − I) = 0.34. For NGC 6637 we find ∆V = 1.90 and ∆(V − I) = 0.18.
To convert these relative distance moduli and reddenings to absolute values, we need the apparent distance modulus and reddening of 47 Tuc. Hesser et al. (1987) note that while estimates for the reddening for 47 Tuc range from zero up to as high as 0.08, the best evidence for the reddening of this cluster favors E(B − V ) = 0.04 ± 0.01. Following Dean, Warren, & Cousins (1978) , we convert E(B − V ) into the corresponding E(V − I) using their Equation (A1). While this conversion requires we know the intrinsic (B − V ) 0 of the target star, for 0.5 < (B − V ) 0 < 1.5, which covers the range of the observed colors of the main-sequence and giant stars in 47 Tuc, the resulting E(V − I) only varies between 0.052 and 0.055. Consequently, we adopt a value of E(V − I)= 0.053 for 47 Tuc.
The situation regarding the apparent distance modulus of 47 Tuc is less well defined. In their extensive CCD investigation of the cluster, Hesser et al. (1987) adopted (m − M ) V = 13.4. Fullton et al. (1995) adopted (m − M ) V = 13.35 ± 0.15, which they noted was in the middle of the range of the values proposed and consistent with various determinations within the estimated errors. More recently, Kaluzny et al. (1998) has reviewed several new estimates of the distance modulus that have been based on Hipparcos calibrations of subdwarfs (Gratton et al. 1997; Reid 1998; Salaris & Weiss 1998) , all of which are 0.2-0.25 mag larger than that adopted by Hesser et al. (1987) . Kaluzny et al. (1998) derive a distance modulus of 13.44 based on the I magnitude of the red clump using the local calibration from Hipparcos. For the apparent distance modulus of 47 Tuc we adopt a value of 13.40. Chaboyer et al. (1998) have discussed in detail the sensitivity of derived ages to various uncertainties, such as the distance, helium diffusion, choice of mixing length, and color calibrations.
Given our determination of the reddening and apparent distance modulus of 47 Tuc, the values of these quantities for NGC 6624 and NGC 6637 can be deduced. These are listed in Table 3 .
The Ages of the Metal-Rich Globular Clusters
We are now in a position to address the ages of NGC 6624 and NGC 6637. We first examine the easier question of the relative ages of these clusters and those of similar metallicity, in particular 47 Tuc and NGC 6352. This analysis can be made by differential comparison of the cluster CMDs. Answering the more complex question of the absolute ages of these clusters necessitates using our derived distance moduli and reddening to compare the cluster CMDs with theoretical isochrones.
Relative Ages of the Clusters
For clusters of the same metallicity, their relative ages can be deduced directly by comparing their CMDs. The relative ages can be determined by both the ∆V method (see, e.g., Sandage 1981; Iben & Renzini 1984) , the difference in magnitude between the horizontal branch and the main-sequence turnoff, and the color-difference approach (Vandenberg, Bolte, & Stetson 1990; Sarajedini & Demarque 1990 ) that uses the difference in color between the cluster turnoff and the lower giant branch. Both approaches can provide relative ages without reference to specific theoretical models.
For the differential comparisons, we have chosen to use NGC 6637 as our fiducial cluster as it has the "tightest" observed CMD. A smooth fiducial line defining the cluster's giant branch, subgiant region, turnoff, and main sequence was developed. A separate segment for the stars on the horizontal branch was also determined. These fiducial points are listed in Table 4 and are shown in Figure 9 along with the data for field P71 (Fig. 3b) . A similar procedure was carried out to produce a smooth fiducial line for NGC 6624. It was derived using the observations shown in Figure 4a and the values are listed in Table 5 . Figure 10 shows the NGC 6637 fiducial lines shifted using the distance moduli and reddening values in Table 3 and compared with our observations of NGC 6624 and its fiducial lines. There is no obvious difference between the NGC 6637 fiducial sequence and the observations of NGC 6624. Thus, within the uncertainties of these data, we conclude the two clusters are the same age. We address the possible limits on age differences in section 6.2 in the context of the available theoretical isochrones.
Aside from the observations of 47 Tuc by Kaluzny et al. (1998) , the other cluster with photometry and with metallicity similar to those studied here is NGC 6352. Fullton et al. (1995) reported observations of NGC 6352 obtained with HST prior to the first servicing mission and the installation of WFPC2. They also determined the cluster's metallicity using the Ca II infrared triplets, which yielded ∆[Fe/H] = +0.11 ± 0.08 relative to 47 Tuc, very close to the values of +0.08 ± 0.09 and +0.05 ± 0.09 we have derived for NGC 6624 and NGC 6637, respectively. While both photometric data sets are of lower quality than reported here, it is nevertheless interesting to compare the CMDs with ours. In Figure 11 we show our fiducial lines for NGC 6637 with the Kaluzny et al. (1998) 47 Tuc observations and the NGC 6352 fiducial sequence from Table 2 of Fullton et al. (1995) . The latter was shifted by +0.07 in V − I and −0.85 in V to the bring the sequences into agreement. The agreement in both instances is reasonable and affirms the conclusion by Fullton et al. (1995) that NGC 6352 has the same age as 47 Tuc.
Comparison to Theoretical Isochrones
The age of 47 Tuc as inferred from isochrone fitting was discussed extensively by Fullton et al. (1995) . For our comparison with the various CMDs, we will employ the same Yale isochrones used in that study. The models were calculated for Y = 0.25, scaled solar abundances, and the OPAL opacities (Iglesias & Rogers 1991) in the interiors and the Kurucz (1991) low-temperature opacities near the surfaces. The energy generation rates were taken from Bahcall (1989) . The isochrones were converted into the observational V versus V − I plane using the color tables of Green, Demarque, & King (1987) .
In Figure 12a we compare the 47 Tuc photometry from Hesser et al. (1987) with the theoretical isochrones. The isochrones have been adjusted to an apparent distance modulus of 13.40 and E(B − V )= 0.04. While our adopted distance modulus is 0.05 mag fainter than that used by Fullton et al. (1995) , the match between the observations and isochrones is very good. With this choice of distance and reddening, we infer an age for 47 Tuc of ∼13 Gyr, or 1.5 Gyr younger than deduced by Fullton et al. (1995) .
The 47 Tuc V I photometry from field 19 of Kaluzny et al. (1998) is compared with the isochrones in Figure 12b . As in the case of NGC 6352, the Yale isochrones had to be shifted in color by an additional 0.07 mag beyond the adopted reddening to bring them into agreement with the observations in the V vs V − I CMD. While the overall quality of the observed CMD from Kaluzny et al. (1998) is poorer than that of the Hesser et al. (1987) V vs. B − V CMD, the agreement between the observations and isochrones is consistent with the results obtained from the latter. Fullton et al. (1995) have discussed the age determination of 47 Tuc using the same Yale isochrones as used here. For an apparent distance modulus of 13.35 and a reddening E(B − V )= 0.04, they find a "best" estimate for the age of 47 Tuc to be 14.5 ± 2 Gyr. As other studies have shown, the distance modulus is the parameter that has the strongest influence on the age derived from isochrone fits. Lowering the distance modulus to 13.20, which is within the uncertainties of the values reported by Fullton et al. (1995) , would yield an age of 17 Gyr for the cluster. At the distance, however, the isochrones would no longer match the shape of the observed CMD. If the larger distances implied by the Hipparcos calibration of subdwarfs are adopted, then the age drops below 12 Gyr, but one again faces the situation where the shapes of the isochrones no longer agree with the observed CMD. If 47 Tuc is more metal rich than the value we have adopted for [Fe/H], one can trade off between distance modulus and reddening. Fullton et al. (1995) found that for the Yale isochrones with [Fe/H] = −0.46 and a distance modulus of 13.45, the 12 Gyr isochrone fit the shape of the CMD but only if no reddening was allowed. They considered this to be unreasonable given the evidence in the literature supporting a foreground reddening of E(B − V )= 0.04.
In Figure 13 we show the same theoretical isochrones adjusted to the distance moduli and reddenings in Table 3 (with the additional 0.07 increase in color as discussed previously) compared with the observations of NGC 6637 and NGC 6624. In both cases the theoretical models provide a good match to the observed CMDs. For both clusters the 14 Gyr isochrone provides the best match to the observations through the region of the cluster turnoff and lower GB. This suggests that at most there is a 1 Gyr age difference between NGC 6637 and NGC 6624 and 47 Tuc. Given the scatter in the Kaluzny et al. (1998) observations, this is consistent with our conclusion that these clusters are the same age based upon a direct comparison of their CMDs.
Given the comparison between the NGC 6637 and NGC 6624 fiducial lines shown in Figure 10b , we can use the theoretical isochrones to estimate the possible age difference between the two clusters. Over the observed color span of the horizontal branches, the two clusters agree to within better than 0.01 mag in V . Proceeding along the lines proposed by Chaboyer et al. (1996) , we compare the magnitude on the cluster fiducial at the position 0.05 mag redder (and brighter) than the turnoff with the magnitude of the horizontal branch. From the Yale isochrones at an age of 14 Gyr, we can estimate that each ±0.01 mag difference between this reference point and the horizontal branch corresponds to −0.1/+0.2 Gyr. From our photometry we estimate the errors at the reference point to be ∼0.01 mag, so the difference in age between NGC 6624 and NGC 6637 is < 0.5 Gyr.
A final point on the comparison between the theoretical isochrones and the observations concerns the additional 0.07 mag in V − I that is needed to bring the isochrones and data into agreement. We find essentially the identical "extra" shift as reported by Fullton et al. (1995) . The most obvious explanation for this additional color shift is a zero point problem with the original color calibration of the models by Green, Demarque, & King (1987) . This idea is supported by recalibrating the Yale isochrones using the color tables from Lejune & Buser (1999) . The effective temperatures and surface gravities for each point along the isochrone were calculated from the Yale models, and the Lejune & Buser (1999) color tables were used to derive the bolometric corrections and V − I colors after interpolation in metallicity. Figure 14 shows the HST observations for NGC 6637 along with the same isochrones used in Figure 13a , only now calibrated with the Lejune color tables. The isochrones have been shifted as indicated in Table 3 , without the extra 0.07 mag increment in color. While we have not attempted to optimize the agreement with the observations, it is apparent the extra color adjustment is not required for this color calibration.
Discussion and Conclusions
The CMDs presented here for NGC 6624 and NGC 6637 confirm that these clusters are virtually identical in metal abundance and show that they have the same ages to within ±0.5 Gyr. Comparison with the new Yale isochrones yield an age of 14 Gyr for these clusters, although this result depends critically on the adopted distance modulus and other factors such as the amount helium diffusion and the efficiency of convection in the envelope (choice of mixing length parameter) and the color calibrations (see Chaboyer et al. 1998 for a recent discussion). Our main result is that these two clusters, which appear to be members of the Galactic bulge, are very old.
While many globular clusters have been dated previously, only two, NGC 6528 and NGC 6553, are probably members of the Galactic bulge rather than the halo or thick disk populations. NGC 6528 and NGC 6553, with [Fe/H] = −0.17 and −0.34, respectively (Harris 1996 , updated June 1999 , are among the most metal rich globular clusters known. The CMDs that Ortolani et al. (1995) constructed from HST observations indicated that NGC 6528 and NGC 6553 are very old clusters and similar in age to the disk globular cluster 47 Tuc, which is more metal poor by about 0.5 dex. According to our measurements, NGC 6624 and NGC 6637 are virtually identical in metallicity to 47 Tuc and and within 1 Gyr in age. Consequently, there does not appear to be a large difference in age between bulge clusters that have [Fe/H] ∼ −0.6 and ∼ −0.2, although the uncertainties involved in comparing the ages of clusters of different [Fe/H] could easily mask a small difference. The stellar population of the bulge is also very old (see reviews by Wyse, Gilmore, & Franx 1997; Buser 2000; Bland-Hawthorn & Freeman 2000) and appears to be identical in age to NGC 6528 and NGC 6553 (Ortolani et al. 1995) . The data for both the stars and the clusters indicate that bulge formed early in the evolution of Milky Way and quickly became metal rich.
While the bulge is clearly very old, its age with respect to the more metal poor halo population cannot be determined to better than a few Gyr because this necessarily involves the comparison of globular clusters of widely different metallicities. This limitation is illustrated by the recent measurements by Buonanno et al. (1998) , who concluded that there was little evidence that metal-rich globular clusters are younger than the metal-poor ones, and by Rosenberg et al. (1999) , who found that the metal-rich ones are 17% younger, but they emphasized that this conclusion is model dependent.
It is also of considerable importance to compare the ages of the bulge clusters with ones of the thick disk to explore the possible connection between these populations. Before doing so, it is necessary to discuss the assignments of the clusters to these populations because there has been some debate of this issue in the recent literature (cf., Heitsch & Richtler 1999) . Precise measurements of proper motion and radial velocity are now available for many clusters from which their orbits around the Galactic center may be calculated. Because the orbits of 47 Tuc and M71 have low eccentricities and are confined to near the Galactic plane (Dinescu, Girard, & van Altena 1999 , and the references therein), there is little doubt, in our opinion, that they are both disk objects and not members of the halo. They were originally assigned to the disk population on the basis of their radial velocities and their proximity to the Galactic plane (Zinn 1985) . Although the proper motion of NGC 6352 has not been measured, these other criteria strongly suggest that it is also a disk cluster and not a member of the halo or the bulge. While the galactocentric distance of NGC 6352 (3.3 kpc, Harris 1996, updated 6/99) places it not far from the outer boundary of the bulge, the much larger distances of 47 Tuc and M71 (7.4 and 6.7 kpc, respectively) are completely inconsistent with bulge membership.
Several determinations of the ages of 47 Tuc, NGC 6352, and M71, which have very similar metal abundances, have shown that they have the same age to better than 1 Gyr (Salaris & Weiss 1998; Buonanno et al. 1998; Rosenberg et al. 1999) . Our measurements have shown that the ages and metal abundances of NGC 6624 and NGC 6637 are identical to those of 47 Tuc and NGC 6352 to within the errors (± 1 Gyr and ± 0.1 in [Fe/H] ). It is possible, although unlikely in our opinion (see Introduction) that NGC 6624 and NGC 6637 are disk globular clusters, in which case there appears to be very little variation in age at this metallicity and over a range in galactocentric distance in the thick disk. In the more likely case that NGC 6624 and NGC 6637 are bulge clusters, this comparison indicates that the age-metallicity relations of the thick disk and bulge intersect. This may mean that the histories of these populations are intertwined, and we consider briefly how this may impact two popular scenarios for the formation of these populations.
In the first, the bulge formed out of gas that was ejected from the star-forming regions in the halo. This gas, which had low specific angular momentum, dissipated energy but conserved angular momentum, as it collapsed toward the Galactic center and formed the bulge. The collapse of gas of higher angular momentum over a longer timescale produced the disk without first being processed in the halo (see Wyse & Gilmore 1992 and Wyse 1999 for more detailed discussions). To explain the intersection of the age-metallicity relations of the bulge and the thick disk, one can modify this picture slightly by proposing that some of the halo ejecta had sufficient angular momentum to collapse into a small disk around the bulge. This is consistent with the small radial extent of the system of disk globular clusters (< 8 kpc) and the observation that at least the globular clusters of the inner halo have a larger mean prograde rotation than is generally adopted for the halo as a whole (see Zinn 1996) . The nascent bulge and disk could have then started their separate evolutions at about the same time and with the same metallicity. The major hypothesis of the second scenario is that the merger of a satellite galaxy with the Milky Way heated the preexisting thin disk into the observed thick disk (see reviews by Norris 1996 and Buser 2000) . The consequences of a merger of this kind depend on many unknown parameters, such as the mass and density of the satellite, the orientation and direction of its orbit, and the properties of the Galactic disk, halo, and bulge at the time of the collision, which provide considerable latitude for adjusting the model to fit the observational data.
One way to explain the intersection of the age-metallicity relations by this hypothesis is to propose that the collision not only heated the disk but also drove gas from the disk into the central regions where it produced a starburst that became the bulge (Mihos & Hernquist 1994) . The models of Mihos & Hernquist (1994) indicate that if the Milky Way had already formed a bulge, this flow of gas would have been small. Since not all disk galaxies have bulges (see review by Bland-Hawthorn & Freeman 2000) , it is possible that the Milky Way lacked one before this merger event and that the merger stimulated the formation of globular clusters in both the gaseous thick disk and the central starburst.
It is beyond the scope of this paper to investigate whether these pictures or alternative ones, such as building the bulge through disk instabilities (see Bland-Hawthorn & Freeman 2000) , are consistent with the kinematics, the metallicity distributions and gradients, and the ratios of the abundances of different elements in these populations. We simply emphasize that the age-metallicity relations, which can be substantially refined by measuring several more bulge and disk clusters, confront the theoretical models with different constraints than these other data, and this may be crucial for discriminating between them.
The new Yale isochrones yield an age of 14 Gyr for NGC 6624, NGC 6637, although this number depends strongly on the adopted distance modulus of 47 Tuc. The V vs. V − I photometry of 47 Tuc and NGC 6352 is consistent with this age, although comparing the Hesser et al. (1987) V vs B − V CMD with the same isochrones yields an age of 13 Gyr for 47 Tuc. These ages would be lower if the distance to 47 Tuc suggested by some authors based on Hipparcos parallaxes to field subdwarfs were adopted. Other factors such as helium diffusion in the stellar interiors would also lower the absolute ages. The sensitivity of the cluster ages to distance, helium diffusion, efficiency of convection in the envelope (choice of mixing length parameter), and color calibrations has been discussed in quantitative terms by Chaboyer et al. (1998) . The new color tables of Lejune & Buser (1999) remove the necessity to shift the Yale isochrones by an additional 0.07 mag in V − I above the deduced cluster reddening to match the isochrones with the observations. We want to express our thanks to the AAT and CFHT staff for their support at their respective telescopes. We would like to thank Thebault Lejeune for kindly providing us with his tables of colors before they became available on the World Wide Web. Finally, we would like to thank the anonyous referee for several suggestions that helped improve the manuscript. Armandroff (1988) and DaCosta & Armandroff (1990) . The reference line for the GB is from DaCosta & Armandroff (1990) and that for the HB is our visual estimate of the HB locus. Fig. 8. -CMD of the 47 Tuc GB and HB stars from Kaluzny et al. (1998) . Panel (a) compares these data for their field 10 with the GB and HB loci from Fig. 7 and panel (b) shows the same comparison for the stars from their field 19. Table 3 . (b) Same as (a) except comparison is made to the fiducial points for NGC 6624 (solid squares). Kaluzny et al. (1998) . As discussed in the text, the value of E(V − I) was increased by δ(V − I) = 0.07 mag above the value listed in Table 3 . 
